Carbon dioxide from indoor environment is one of the air pollutants under the control of the Indoor Air Quality Ordinance in Taiwan. It is necessary for the people and air conditioning business to take appropriate measures to minimize the emission and prevent causing any objectionable indoor air quality (IAQ) noticeable at any sensitive receptor in the building or creating other form pollution. This study provides the performance of sorption-type air filter to help the people and air conditioning business to understand and apply the best practical control in preventing the emission from causing IAQ problems. The adsorption of CO 2 on a sorption-type filter with activated carbon before and after impregnating treatment has been investigated. It has been found that impregnating treatment with MgO and CaO can promote the adsorption of CO 2 on a sorption-type filter. MgO is a better impregnating agent than CaO.
The values were redefined and promulgated into regulations in November 2011, and these regulations were put into effect in 2013. Several common indexes of IAQ include the concentrations of carbon dioxide (CO 2 ), carbon monoxide (CO), formaldehyde (HCHO), total volatile organic compounds (TVOCs), bioaerosols (bacteria and fungi), PM 10 , PM 2.5 , ozone (O 3 ), and temperature (Chiang and Lai, 2002) . CO 2 is the representative pollutant of indoor air quality and its concentration is associated with human activity. (Lee et al., 2013) . The concentrations of carbon dioxide are high in many indoor areas such as shopping malls, restaurants or even public place. It is known to cause various adverse effects like headache, drowsiness, and dizziness for residents (Occupational Safety and Health Administration, 2011). Even though CO2-based ventilation control often is applied in new construction, retrofits of existing buildings involving CO2 control are less common, the recent practice of thoroughly insulating buildings to conserve or reflect heat also results in decreases of IAQ. This makes human turn on the air conditioners to waste large amount of electricity.
An immediate research on how to remove CO2 effectively and economically from indoor air has been becoming necessary, a few general methods are being used to purify polluted air, including adsorption, absorption, membrane, and cryogenic gas cleaning techniques. ( 145.2 (2011) standards, and the indoor air quality ordinance, this paper mainly investigated the performance of sorption-type filter of carbon dioxide by determining the initial removal efficiency of the filter unit and pressure drop at different testing condition. This investigation is an important step to develop sorption-type filter with high efficiency for the removal of pollutants in a building.
MATERIALS AND METHODS

Testing materials and systems
The adsorbent tested in this study was coconut-based granular activated carbon (GAC) loaded within a piece of nonwoven fabric (Airrex Co. Ltd., Taiwan). The GAC-loaded nonwoven fabric, with a specification of 2.2 mm in thickness and 600 g/m 2 in GAC loading density, was cut into a 10 cm × 10 cm piece and sealed with aluminum foil to fit into a specimen holder. The GAC were sieved into particle size range of 12  20 mesh (between 1.68 to 0.84 mm).
The schematic diagram of the test system is shown in Fig. 1 . The testing rig (The interior size is 0.4m (H) *0.4m (W) *0.6m (L)) was maintained at a temperature of 28 ±1°C by ambient air-conditioning system. The testing airflow was controlled at relative humidity (RH) of 40 ± 2% by adjusted primary split airflow. One of the split-airstreams from the compressed air (with 10± 2% RH) flowed directly into the mixing chamber, and the other aerated to generate saturated (100% RH) airflow before proceeding to the mixing chamber. The face velocity of media was controlled from 10 CMM to 60 CMM (±1% of full-scale accuracy) by using an air velocity meter (TSI), USA), and a pair of differential pressure gauges (Shortridge) measured the pressure drop across the filter. Furthermore, the challenge gas was generated by delivering metered air through a carbon dioxide-filled aerating bottle. The vaporized carbon dioxide was mixed thoroughly with clean air in the mixing chamber to generate the desired concentration. The challenge carbon dioxide concentrations, measured real-time by a TES 1370 NDIR CO 2 Meter.
The schematic diagram of the test system is shown in Figure 1 . The interior size is 0.4m (H) *0.4m (W) *0.6m (L). The air velocity and static pressure in the system is measured by air velocity meter (TSI) and differential pressure gauges (Shortridge). The pressure resistance of the system is the difference of the static pressure between P 1 and P 2 . TES 1370 NDIR CO 2 Meter measures the concentration of carbon dioxide in real time. 
Sample pretreatment
Magnesium chloride hexahydrate (2.5g), Calcium acetate monohydrate (10g), and both mixed were dissolved in 200 mL of deionized water. One gram of each support material was impregnated and stirred with this solution for 12 hour at 25℃. Suction filtration and drying for 12 hours at 80°C followed. Finally, the impregnated support materials were calcined at 350℃ for 2 hours. Preparation method of four samples separate two groups. First group activated carbon was dipped by magnesium chloride hexahydrate solution and dried. Second group activated carbon was dipped by calcium acetate monohydrate solution, dried and calcined in high temperature furnace. Surface area, pore size distribution, and pore width of the completed sample sorbents were analyzed with an ASAP2020 (Micromeritics Instrument Corporation, USA).
Principle
The initial removal efficiency, η 0 , can be expressed as (Wadden and Scheff, 1983)
The testing method used in this study is similar to VanOsdell et al. 
where p is the pressure drop; d m is the diameter of filtering media or spheres; L is the length;
ε is the open area of chemical filter; U is the superficial fluid velocity; φ is the shape factor of filtering media (1 for spheres); and μ f is the fluid viscosity; ρ f is the fluid density.
RESULTS
Surface area analysis
As presented in Table 2 , the samples prepared by CaO or mixed MgO impregnation lead larger surface area and pore volume than the samples prepared by MgO impregnation method and non-impregnated activated carbon. The data showed that the values of the BJH adsorption and desorption average pore diameter followed the order CaO impregnation ＞ MgO impregnation＞CaO mixed MgO impregnation. Despite that, the samples did not cause a significant alteration in the mean size of CaO and MgO crystallites. 
Breakthrough
The breakthrough curves for the signal layer of activated carbon-loaded nonwoven fiber (2mm) are compared, according to inlet concentration of carbon dioxide, in Figure 4 . The breakthrough curves were determined using a face velocity of 0.076 m/s and inlet toluene concentrations of 3300-7300 ppmv. The produced breakthrough curve of good shape is shown in Figure 4 . As the inlet concentration increased, the breakthrough was faster and the curve became steeper. Analysis of the adsorption characteristics of the 2.5g magnesium oxideimpregnated adsorbent (Figure 4) shows that the longer breakthrough time than virgin activated carbon filter. 
Pressure drop
The pressure resistance of various tested air velocities used in the filter media was linearly related to various air velocities, giving a second-order and the coefficient of correlation is 0.9956 at the tested air velocities. Increasing air velocity more quickly promotes larger pressure resistance is shown in Figure 5 . The results show that increasing the face velocity from 5 to 60 CMM caused the pressure drop to increase to 45 mmAq. 
DISCUSSION
The study presents initial removal efficiency and pressure drop on sorption-type air filter system from the building. The initial removal efficiency, breakthrough, and pressure drop can be used as inputs to models for carbon dioxide filtration analysis studies. The study may also be used to provide guidance on choosing carbon dioxide filtration that result in lower emission rates when human is on the activity.
CONCLUSIOS
The results demonstrate that removal efficiency analysis can be used to rapidly screen sorption-type air filter to determine if they remove carbon dioxide in indoor environments and can also be used to rapidly determine optimum operating conditions. Moreover, the removal efficiency data can be used in models to predict removal efficiency of indoor clean system. In the single vapor of carbon dioxide adsorption experiments, the breakthrough time is decreased with increasing inlet concentration of carbon dioxide and face velocity. While dense magnesium oxide impregnation of activated carbon is detrimental to adsorption, 2.5 g magnesium oxide-impregnated activated carbon can increase adsorption time of carbon dioxide over the virgin AC. Pressure drop related to the challenge air velocity that can be predicted by simple model.
